Ten strains of small, motile, gram-positive rods were isolated from vegetation. These strains were aerobic, facultatively anaerobic, catalasepositive, and resembled Listeria monocytogenes. One strain was identified as Listeria grayi. The nine other strains, which were mannitol-fermenting, nitrate-reducing, avirulent organisms, were compared with L. rnonocytogenes, L. grayi, and 1,. denitrificans and found sufficiently different from them. Thus, a new species, Listeria rnurrayi, is proposed. Strain F-9 is designated as the type strain and is available from the American Type Culture Collection as ATCC 25401.
While examining vegetation for Listeria monocytogenes (7; Welshimer and Donker-Voet, in preparation), organisms resembling Listeria were isolated which were distinguished from L. rnonocytogenes by their ability t o attack mannitol and reduce nitrate t o nitrites. These organisms were studied and compared with L. monocytogenes, L. grayi, and L. denitrificans.
One strain (V-1) was identified as L. grayi.
The other strains (F strains) are described herein for consideration as a new species of L is t eria.
MATERIALS AND METHODS
The general methods followed standard bacteriological techniques as presented in the Manual of Micro biological Methods (5).
Metabolism of carbohydrates was determined in peptone-beef extract broth (1% peptone, 0.3% beef extract, and 0.5% sodium chloride) with 0.5% carbohydrate and bromocresol purple as indicator. The medium was adjusted to p H 7.5, and the carbohydrates were sterilized by filtration and aseptically added to the previously autoclaved broth. To differentiate between oxidative and fermentative activity, an oxidation-fermentation (OF) medium was prepared by adding 0.2% agar to the carbohydrate media. Paired tubes of oxidation-fermentation medium (freshly heated and cooled) were inoculated by stabbing; one tube was layered with sterile petrolatum, and both were incubated at 37 C.
The nitrate medium was prepared by adding 0.2% KNO, to 3.7% Brain Heart Infusion (BHI, Difco) in distilled water and adjusted to p H 7.4 before autoclaving. Nitrite was detected by use of the sulfanilic acid alpha-naphthylamine test.
Catalase reactions were performed by addition of 30% hydrogen peroxide to colonies growing on Tryptose Blood Agar Base (Difco).
Cultures for H antigen preparation were grown on freshly prepared, moist agar surfaces of Tryptose Blood Agar Base to which 1% glucose had been added (TBG). After 36 to 48 hr at 20 to 25 C, Formalin was added to give a final concentration of 0.25 to 0.30%. Cultures for 0 antigens were grown on TBG surfaces that were permitted to dry by standing at 22 to 25 C for several days. These were incubated for 24 to 36 hr at 37 C. The organisms were harvested in saline and placed in flowing steam for 1 hr. Antisera were prepared by the method of Seeliger (4) by intravenously injecting 2.5-kg rabbits.
RESULTS
The strain F organisms were gram-positive, straight, small rods (0.6 t o 0.8 pm by 0.7 to 2.5 p m with rounded ends), occurring singly and occasionally in pairs (Fig. 1) . Mosaic patterns of parallel organisms often were observed in thick smears prepared from solid media.
Organisms grown at 20 to 25 C in BHI were motile, whereas at 37 C motility was absent or only occasionally observed in a hanging-drop preparation. Motile suspensions examined by Leifson's stain showed lateral emanations of flagella peritrichously distributed (Fig. 2) . Most bacteria had three flagella, some four, and a few five. Stained preparations from cultures grown at 37 C and examined at 5 and 18 hr exhibited an occasional organism with two to four flagella.
on TBG agar plates examined with a dissecting microscope, using oblique lighting by the method of Gray (1) . Under these conditions where the colonies were small or where crowded colonies were in pure culture, the resulting small colonies (0.2 mm) gave the same blue-green characteristic associated with L. rnonocytogenes. Well isolated colonies grew to a diameter of 2 to 3 mm after 48 hr at 37 C and appeared orange-red with oblique illumination. Microscopically observed with direct transmitted illumination they were completely transparent. The colonies were smooth, flattened, and circular, with entire margins and butyrous consistency. The same acid odor associated The bacteria stained evenly with no evidence of metachromatic granules, spores, or capsules; nor were they acid-fast.
Best growth was observed on TBG. Colonies 1 to 1.5 mm in diameter developed in 24 hr at 37 C and doubled in size with an additional 24 hr incubation. Observed by reflected light, small or crowded colonies were gray with a tinge of blue; by transmitted daylight, the same colonies were more blue. The larger or well isolated colonies were gray at first and became tinged with yellow as incubation was prolonged and the colonies enlarged. Most of the F strains were isolated from a mixture of other species with L. monocytogenes was prominent on the TBG agar.
Heavy confluent growth of butyrous consistency occurred on TBG agar slants incubated at 37 C. Cultures incubated for 48 to 72 hr at 22 t o 25 C developed a distinctly yellow pigment. This pigment did not appear on Tryptose Agar (Difco) in the absence of glucose.
Growth was thin on peptone beef-extract agar. Growth on sheep blood-agar plates with Tryptose Blood Agar Base was not as luxurious as on TBG agar, for colonies were only half as large under the same condition of incubation. The colonies on sheep blood-agar plates were white and nonhemolytic by reflected light. When macroscopically observed by transmitted light, a green tinge was evident around crowded colonies. Rapid and diffuse growth was obtained in BHI broth. After 24 to 48 hr at 37 C, a heavy mucoid sediment developed, which on vigorous shaking, ascended in a coherent mass in corkscrew fashion similar to L. rnonocytogenes. Growth was poorer and with little of the mucoid sediment on peptone beef-extract broth.
The optimal growth temperature was at 37 C, with the maximum at 45 C. At 4 C good turbidity was noted in BHI after holding for 5 days.
All strains were aerobic and faculative anaerobic. Under anaerobic conditions, in the presence of carbon dioxide, growth occurred but was not optimal.
Carbohydrate reactions of the nine F strains were checked in tandem with three known strains of L. monocytogenes, L. grayi ATCC 19120, L. grayi V-1, and L. denitrificans. All cultures were incubated at 37 C for 21 days ( Table 1 ). The reactions of the F strains and the L. grayi strain were similar with the exception of a slight delay in the acidification of D-galactose by all of the F strains. Strain F-9 and all but Six of nine F strains, including F-9, were rhamnose +. * three of the other F strains acidified rhamnose, whereas the L. grayi type strain did not. Our strain V-1 responded as did the L. grayi strain in all of the carbohydrate reactions. The oxidative-fermentative responses of the strains were tested with oxidation-fermentation medium containing glucose, lactose, trehalose, salacin, rhamnose, and mannitol. With the exception of lactose, both oxidative and fermentative reactions corresponded with the reactions in the sugar broths. L. grayi, L. denitrificans, and the F strains attacked lactose both oxidatively and fermentatively, whereas L. mon m y toge n es strains lacked ferment at ive activity. Activity in the unsealed lactose oxidation-fermentation medium, if it occurred, was confined to the small zone of concentrated growth a few millimeters below the surface.
Strain V-1 was verified as L. grayi by H. P. R. Seeliger in Wiirzburg. L. denitrificans differed from the F strains in that it failed t o ferment mannitol and did acidify five of the test carbohydrates not attacked by the F strains. Other and distinguishing biochemical activities are presented for the different listeriae and for the F strains in Table 2 .
The F strains did not liquefy gelatin, inspissated serum, or coagulated egg media. Cellulose breakdown was not evident as tested with filter paper strips. In the initial description of L. grayi (2), cellobiose was erroneously translated as "cellulose." L. grayi does acidify cellobiose but does not hydrolyze cellulose.
The Anton eye test was negative upon instillation of heavy suspensions of young cultures in rabbits' eyes. Suspensions of as many as 10' bacteria were injected intraperitoneally into Rockland Farm SW mice. At this dose, 16-t o 18-g mice exhibited marked discomfort immediately after the injection, with some animals dying the same day on which they were injected. When smaller doses (1 O8 organisms) or slightly larger mice were used (20 to 22 g), the animals exhibited some initial discomfort immediately after injection, but these animals did not die during observation over a period of 15 to 20 days. Organisms were not recovered from these animals.
Antisera were prepared in rabbits against 0 and H antigens of strains F-9 and F-12. These sera were tested with 1,. rnonocytogenes of several serotypes, L. grayi ATCC 19120, L. grayi V-1, and strains for F-6, F-9, and F-12. The results are presented in Table 3 . The F strains cross-reacted with H antisera of both L. grayi strains as well as with each other, but the F strains lacked H factors in common with L. rnonocytogenes. Errebo Larsen and Seeliger (2) reported absence of common H factors in L. grayi and L. monocytogenes. Cross-absorption studies with H antisera of L. grayi ATCC 19120, L . grayi V-1, F-6, F-9, and F-12, disclosed a minimum of three different H antigens which were designated as F, G, and H. The H antigen patterns were as follows: L. grayi ATCC 19120-F, G ; L. grayi V-1-F, G, H; strains F-6, F-9, and F-12-F, H. The 0 antisera of F-9 and F-12 strains showed cross-reactions at titers of similar magnitude with the F strains and both L . grayi strains. Preliminary crossabsorption studies indicate a complex mixture of 0 antigens shared and unshared by all of the F strains and L. grayi strains tested. L. monocytogenes types 3 and 4a reacted with low dilutions of the 0 antisera of F-9 and F-12, and types 1 and 4b were nonreactive.
Antisera against 0 antigens of L . grayi V-1, 1,. grayi ATCC 19120, strain F-9, strain F-12, and L . rnonocytogenes serotypes 1, 4a, and 4b all failed t o agglutinate 0 antigen preparations of L . denitrificans, indicating complete lack of common 0 antigens.
DISCUSSION
Of the strains of mannitol-fermenting Listeria-like organisms isolated from vegetation in the search for L. rnonocytogenes, one strain, V-1, was identified as L. grayi; the remaining nine strains, F strains, were all nitrate-reducing organisms, a characteristic found neither in L. monocytogenes nor L. grayi. The species L. denitrificans (3, 6 ) has as a prominent characteristic the ability t o reduce nitrates t o nitrites; however, it does not ferment mannitol and LISTERIA MURRA YI SP. N.
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differs from the F strains in reactions on other
carbohydrates. The colonies of L. denitrificans and F strains are dissimilar and they are serologically distinct with no cross-reacting of antisera directed against the 0 antigens. In preliminary studies (Thomson et al., unpublished data), the mole percentage of guanine plus cytosine (GC) of L . monocytogenes, L. grayi 19 120, L. grayi V-1, strains F-6, F-9, and F-12, was 38 f 1. L. denitrificans gave GC values of the order 56 f 1. Based on biochemical activities,' GC values, serological, growth, and colony characteristics, the F strains are related distantly, if at all, to L . denitrificans.
We believe that the F strains are sufficiently similar to L. monocytogenes to be included in the genus Listeria yet sufficiently different from L. monocytogenes, L. grayi, and L. denitrificans to justify separation into a new species of the genus. At the suggestion of H. Seeliger, the name Listeria murrayi is proposed for this new species, in honor of the late E. G. D. Murray, an eminent bacteriologist and codiscoverer of L . monocytogenes who maintained an active interest in listeriosis over many years. Strain F-9 is designated as the type strain and was deposited with the American Type Culture Collection under the number ATCC 24501. Strains F-6 and F-12 were deposited under the numbers ATCC 25402 and ATCC 25403, respectively; L. grayi V-1 was deposited under the number ATCC 25400.
